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FIELD OF THE INVENTION 

5 

The present invention relates to a method and device for selecting a handover pa- 
rameter in a cellular network, such as a Universal Mobile Telecommunications 
System Radio Access Network (UTRAN). 



10 BACKGROUND OF THE INVENTION 



In cellular networks, handover is a functionality that switches the user equipment 
(UE) from one cell to another due to various reasons, wherein the main reason for 
handover is usually the fact that the other cell can provide a service with less 

15 power, i.e. less link budget. There are several parameters that control the hand- 
over decision making in a noisy multi-path channel. These parameters can be op- 
timised depending on various conditions to maximise the network capacity or to 
enable auto configuration in the UTRAN. In the time division duplex (TDD) mode 
of the UTRAN, a Wideband Code Division Multiple Access (WCDMA) handover 

20 procedure is performed as described for example in the Third Generation Partner- 
ship Project (3GPP) specification TR 25.922, v.0.5.0, "Radio Resource Manage- 
ment Strategies". 

In particular, the handover procedure consists of a set of parameters to be set. 
These parameters comprise among others a hysteresis value in the active set up- 

25 date, and the length of an averaging window for power measurements. These pa- 
rameters play an important role in adjusting the sensibility of handover in the pres- 
ence of fast channel variations and measurement errors. The added hysteresis 
prevents unnecessary and frequent handovers (ping-ponging) that mainly disturbs 
quality of the connection, reduces the overall system capacity and introduces un- 

30 necessary signalling load. Furthermore, measured received signal code power 
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(RSCP) values are averaged over some time to prevent handover due to short- 
term variations in the signal. 

In a real network, also some delay is involved in the handover execution. When a 
terminal device, or user equipment (UE) in the UTRAN terminology, triggers a 
5 handover report, which means that the RSCP value of a candidate cell exceeds 
the RSCP value of the active cell by the hysteresis value, it takes some time be- 
fore the handover report is delivered to the network device responsible for the 
handover operation, e.g. a radio network controller (RNC). Furthermore, some de- 
lay is involved in the processing of a handover message, setting-up of a connec- 

10 tion between the RNC and a serving base station, or Node B in the UTRAN termi- 
nology, and allocation of radio resources for the UE in the new Node B. Further 
details concerning these measurements and related accuracy requirements can 
be gathered e.g. from the 3GPP specifications TS25.123, "Requirements for Sup- 
port of Radio Resource Management (TDD)", and TS25.225, "Physical Layer 

15 Measurements". 

Usually, the handover decision making is based on a comparison between an ob- 
served value and a predetermined threshold value, wherein the threshold value is 
chosen in a manner to maximise the system capacity under various conditions. 
However, the above handover delay causes interference and switching back and 
20 forth causes additional interference due to a prolonged connection to the old cell. 
Moreover, if the channel conditions are not favourable to sustain the connection in 
the new cell, correction of the improper handover decision is delayed and addi- 
tional interference is generated. 



25 SUMMARY OF THE INVENTION 



It is therefore an object of the present invention to provide an optimised parameter 
setting and capacity. 

This object is achieved by a method of selecting a handover parameter in a cellu- 
30 lar network, said method comprising the steps of: 

• measuring a delay of a handover procedure; and 
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• setting the handover parameter based on the result of the measuring step. 

Furthermore, the above object is achieved by a network device for selecting a 
handover parameter in a cellular network, the device comprising: 

5 • measuring means for measuring a delay of a handover procedure; 

• setting means for setting the handover parameter in response to the meas- 
uring means. 

Accordingly, by setting or selecting the handover parameter based on a measured 
handover delay, system capacity can be maximized dynamically depending on the 
10 system load and physical configuration, which both determine the actual handover 
delay. Thereby, parameter and capacity optimisation becomes possible. Thus, 
system capacity can be maximised under varying conditions. 

The handover parameter may be at least one of the hysteresis value for a hand- 
over threshold or the length of the averaging window use for measuring transmis- 
15 sion quality of the radio connection. The handover parameter may be tuned dy- 
namically based on the result of the measuring step. Of course, other suitable 
handover parameters can be selected based on the measured handover delay. 

The handover delay may comprise at least one of a round trip delay of a physical 
layer protocol signalling, a delay between a radio network controlling device and a 
20 base station device, a measurement delay at a terminal device, and a processing 
delay of the cellular network. Specifically, the physical layer protocol may be a ra- 
dio resource control protocol. 

The result of the measuring step may be compared with a predetermined thresh- 
old, e.g. a threshold of 200ms in case of the hysteresis value. 

25 The setting step may comprise setting the handover parameter to a first value 
when the measured handover delay is smaller than the predetermined threshold, 
and setting the handover parameter to a second value when the measured hand- 
over delay is not smaller than the predetermined threshold. 

The measuring step may comprise measuring an acknowledged mode signalling 
30 round trip delay and estimating a pear to pear signalling delay based on the meas- 
ured round trip delay. In particular, the measuring step may be based on a 
counting operation for counting time stamps. 
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As an alternative, the measuring step may comprise calculating or deducing said 
delay from a standard protocol message by using a common time reference. 

As a further alternative, the measuring step may comprise measuring an uplink 
delay based on an event report propagation time using time stamps, and measur- 
5 ing a downlink delay based on a physical channel reconfiguration message. 

The measuring means may comprise a frame counter for keeping a time stamp. 

Further advantageous modifications are defined in the dependent claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 

The present invention will now be described on the basis of preferred embodi- 
ments with reference to the accompanying drawings in which: 

Fig. 1 shows a schematic block diagram of a network architecture in which the 
present invention can be implemented; 

15 Fig. 2 shows a schematic diagram indicating a measured time behaviour of the 
quality of a received signal and an example of a handover procedure; 

Fig. 3 shows a diagram indicating a system capacity as a function of handover 
delay at various hysteresis values; 

Fig. 4 shows a schematic block diagram of a handover parameter selection func- 
20 tionality according to the preferred embodiments; 

Fig. 5 shows a schematic signalling diagram of a protocol signalling of a handover 
operation; and 

Fig. 6 shows a schematic flow diagram of a hysteresis selection procedure accord- 
ing to the preferred embodiments. 



25 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The preferred embodiments will now be described on the basis of a third genera- 
tion WCDMA radio access network architecture, e.g. a UTRAN as shown In Fig. 1. 

5 Fig. 1 shows a terminal device or UE 10 connected via an air interface to a first 
Node B 20 and a second Node B 22. It is noted that the Node B is a base station 
device in third generation radio access networks. In the present case, it is as- 
sumed that the UE 10 is intended to be handed over from the second Node B 22 
to the first Node B 20. The first and second Node Bs 20, 22 are connected via re- 

10 spective lub interfaces to first and second radio network controllers (RNCs) 30, 32 
which are connected to each other via an lur interface. The Node Bs 20, 22 are 
logical nodes responsible for radio transmission and reception in one or more cells 
to/from the UE 10 and terminate the lub interface towards the respective RNCs 30, 
32. The RNCs 30, 32 are in charge of controlling use and integrity of radio re- 

15 sources within the radio access network. In particular, the RNCs 30, 32 are in 
charge of controlling handover operations from one Node B to another Node B. 
Furthermore, the RNCs 30, 32 provide connections to a third generation core net- 
work 40, e.g. a UMTS network for both circuit-switched traffic via a lu-CS interface 
and packet-switched traffic via a lu-PS interface. The existence of an open stan- 

20 dardized lur interface is essential for proper network operation, including handover 
support in a multi-vendor environment. It should be noted that in a typical case 
many node Bs are connected to the same RNC. 

In the present case, the UE 10 is served by the second RNC 32 via the second 
Node B 22. Hence, the second RNC 32 has a serving RNC (SRNC) functionality, 
25 which is a role an RNC can take with respect to a specific connection between a 
UE and the UTRAN. There is one SRNC for each UE that has a connection to the 
UTRAN. The SRNC is in charge of the Radio Resource Control (RRC) connection 
between the UE 10 and the UTRAN. 

Furthermore, it is assumed that the first RNC 30 has a Controlling RNC (CRNC) 
30 functionality, which is a role an RNC can take with respect to a specific set of 
UTRAN access points. There is only one CRNC for any UTRAN access point. The 
CRNC has overall control of the logical resources of its UTRAN access point. An 
UTRAN access point is a conceptual point within the UTRAN performing radio 
transmission and reception. An UTRAN access point is associated with one spe- 
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cific cell, i.e. there exists one UTRAN access point for each cell. Thus, the access 
point is the UTRAN-side end point of a radio link. In Fig. 1, the first and second 
Node Bs 20, 22 are UTRAN access points. 

Fig. 2 shows a schematic diagram of a time behaviour of a measured signal qual- 
5 ity at the UE 10. In particular, a measured ratio Ec/lo is indicated on the vertical 
axis, which corresponds to the ratio of energy per modulating bit to the total re- 
ceived power spectral density, including signal and interference, as measured at 
the antenna connector of the UE 10. 

In Fig. 2, the example handover control keeps track of candidate cells whose qual- 

10 ity would be sufficient for transmission and reception but which are not yet se- 
lected as active cells. Any cell whose received signal code power of the Primary 
Common Control Physical Channel (P-CCPCH) exceeds a first predetermined 
level T_add is added to a candidate set, as shown at point 1 of Fig. 2. If the maxi- 
mum size of the candidate set is exceeded, a new cell may be added to the candi- 

15 date set only if the RSCP level of the new cell exceeds the RSCP level of one cell 
in the candidate set by a certain hysteresis threshold value T, as indicated at point 
2 in Fig. 2. Then, the weakest cell is removed from the candidate set and the new 
cell is added. If the UE 10 notices from its power measurements that the RSCP of 
a candidate set cell exceeds that of the active cell by the hysteresis threshold T, a 

20 new cell is selected to be an active cell, while the current active cell is dropped to 
the candidate set, as indicated in points 3 and 4 of Fig. 2. In this respect, a refer- 
ence level RSCP re f indicates the RSCP level of a reference active cell in Fig. 2. As 
the measured RSCP level of a cell B exceeds the reference level RSCP ref between 
points 3 and 4 in Fig. 2, the corresponding Node B which serves cell B is set to the 

25 active state. 

As can be gathered from Fig. 2, the added hysteresis value T prevents unneces- 
sary and frequent handovers which mainly disturb quality of the connection, re- 
duce overall system capacity and introduce unnecessary signalling load. Further- 
more, it is noted that the measured RSCP values may be averaged over some 
30 time to prevent handover due to short-term variations in the signal. 

If the measured RSCP of a cell drops below a second predetermined level T_drop, 
as indicated at point 5 in Fig. 2, then the UE 10 starts a timer. The corresponding 
base station is then dropped from the candidate set if the RSCP level stays below 
the second threshold T_drop for a predetermined time, i.e. the guard time GT, as 
35 indicated at point 6 of Fig. 2. 
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Consequently, the number of handovers will decrease as the hysteresis value T is 
increased. This is predictable, since higher hysteresis requires higher RSCP for a 
new Node B or base station to be selected and no handovers are made due to fast 
and temporary changes in the RSCP level. Thus, the rate of active set updates 
5 gets slower. 

Furthermore, the length of the averaging window also has a clear impact on the 
number of handovers and consequently on the rate of active set updates. Namely, 
the enlargement of the averaging window prevents unnecessary handovers due to 
fast channel variations. When the filtering length of the averaging window is high, 
10 some delay is introduced to the handover execution when the UE 10 penetrates to 
the area of an adjacent cell while communicating with high powers with the other 
Node B. This leads to high interference to the new Node B and thus capacity loss 
for the system. 

According to the preferred embodiments of the present Invention, the handover 
15 parameters, such as the hysteresis value T, the length of the averaging window or 
other suitable parameters, are selected based on a measured handover delay to 
thereby optimise parameter selection. 

Fig. 3 shows a diagram indicating system capacity as a function of handover delay 
at various hysteresis values. As can be gathered from Fig. 3, a hysteresis value 
20 T=1dB provides a high system capacity at low delay values, while a Hysteresis 
value T=6dB provides a high system capacity at higher delay values. The system 
capacity is Indicated here as the number of UEs per base station per time slot. 

Hence, it can be gathered from Fig. 3, that the hysteresis value T can be selected 
in dependence on the measured handover delay to thereby improve overall sys- 

25 tern capacity. In particular, the handover delay, which consists of RRC Round Trip 
Delay, RNC-to-Node B delay, UE measurement delay and UTRAN processing 
delay is measured. Then, the measured value can be compared to a predeter- 
mined threshold value, and an appropriate hysteresis value can be selected based 
on the comparison result. Furthermore, the hysteresis value T can be tuned dy- 

30 namically in accordance with the measurement result. 

Based on the measured conditions shown in Fig. 3 and parameters believed to 
represent a typical case, the threshold value or the handover delay can be set e.g. 
to 200ms. Then, if the delay is lower than 200ms, a hysteresis value T=1dB is se- 
lected for handover, while otherwise a hysteresis value T=6dB is used. Of course, 
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other suitable delay threshold values and hysteresis values may be selected 
based on specific requirements of the application. 

Fig. 4 shows a schematic block diagram of a handover control functionality as im- 
plemented e.g. at the SRNC 32 in Fig. 1. The handover control functionality com- 
5 prises a handover control unit 326 which is adapted to generate a corresponding 
handover control signalling to be supplied to the respective UEs via respective 
Node B devices. Based on these handover control signallings, a delay measuring 
unit 322 detects or measures or calculates the handover delay and supplies the 
result to a hysteresis selection unit 324 which selects a suitable hysteresis value T 
10 and supplies it to the handover control unit 326. It is noted that the units 322, 324 
and 326 may be implemented as concrete hardware units or as subroutines con- 
trolling a processing unit at the SRNC 32. 

The handover delay, e.g. signalling and decision making delay for the handover 
operation, as indicated in Fig. 3 can be measured at the measuring unit 322 based 
15 on different approaches as defined in the following three preferred embodiments. 

According to a first preferred embodiment, the handover delay can be measured 
using an RRC acknowledged mode (AM) signalling from the SRNC 32 to the UE 
10. In this case, the delay measuring unit 322 of the SRNC 32 is adapted to 
measure the AM round trip delay and to estimate the peer-to-peer signalling delay 

20 based on this. The accuracy of one frame, e.g. +/-10ms would not have significant 
impact compared to the time duration for the delay threshold of the RRC signal- 
ling, e.g. 200ms. The measurement can be based on a time stamp provided by a 
frame counter function which may be implemented in the delay measuring unit 
322. In this respect, it is assumed that keeping the time stamp of the signal along- 

25 side the acknowledgement does not lead to a significant error due to the fact that 
the system needs to have other counters as well to assure proper system opera- 
tion. 

According to a second preferred embodiment, a common time reference can be 
used at the delay measurement unit 322. The common time reference may be 
30 provided e.g. in order to provide location services, or other standard RRC mes- 
sages wherein the signalling or handover delay is then calculated or deduced from 
these messages. 



According to a third preferred embodiment, time stamps provided on the signalling 
received from the UE 10 can be used to measure e.g. the event 1G report propa- 
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gation time from the UE 10 to the SRNC 32, or another corresponding handover 
decision making entity, so as to obtain the uplink delay. Then, the downlink delay 
can be determined directly from the Physical Channel Reconfiguration message 
as defined e.g. in the 3GPP specification TS 25.331, Section 10.2.22, e.g. based 
5 on the activation time information element. The overall handover delay is then ob- 
tained at a delay measuring unit 322 as the sum of the uplink delay and the 
downlink delay. 

Fig. 5 shows a schematic signalling diagram indicating a handover protocol signal- 
ling, based on which the handover delay can be obtained. In step 1, a measure- 

10 ment report, which contains the measured RSCP value or any other value indicat- 
ing the received power is forwarded from the UE 10 to the SRNC 32. If the hand- 
over control unit 326 at the SRNC 32 decides to initiate a handover operation, a 
Radio Link Setup Request is issued and forwarded in steps 2 and 3 via the CRNC 
30 to the Node B 22 serving the UE 10. In response thereto, the Node B 22 for- 

15 wards a Radio Link Setup Response in step 4 to the CRNC 30 which forwards the 
Radio Link Setup Response to the SRNC 32 in step 5. Finally, in step 6, the 
Physical Channel Reconfiguration message is forwarded to the UE 10 to initiate a 
channel reconfiguration. 

As already mentioned above, the measurement report forwarded in step 1 and the 
20 physical channel reconfiguration message forwarded in step 6 can be used in the 
third preferred embodiment to measure the uplink delay and the downlink delay, 
respectively. 

Of course, other round trip measurement methods can be used for obtaining the 
handover delay at the delay measuring unit 322. 

25 Fig. 6 shows a general schematic flow diagram of the hysteresis selection or set- 
ting operation according to the above first to third preferred embodiments. In step 
101, the round trip delay is measured based on one of the above approaches ac- 
cording to the first to third preferred embodiment. Then, in step 102, the meas- 
urement result is compared with the predetermined delay threshold, e.g. 200ms. If 

30 the measured round trip delay is smaller than the predetermined threshold, a hys- 
teresis value T=1dB is set in step 104 and the routine ends. On the other hand, if it 
is determined in step 102 that the measured round trip delay is not smaller than 
the predetermined threshold value, a hysteresis value T=6dB is set in step 103 
and the procedure ends. Thereby, a suitable adaptation of the hysteresis value T 

35 to the system capacity can be obtained. 
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As an alternative, the flow diagram of Fig. 6 may return to the measuring step 101 
after each of the hysteresis setting steps 103 and 104. Thereby, a continuous ad- 
justment of the hysteresis value can be obtained. 

According to a fourth preferred embodiment, the length of the averaging window 
5 used for determining the RSCP of the P-CCPCH can be selected based on the 
measured handover delay, e.g. round trip delay. As the length of the averaging 
window has an impact on the number of handovers and on the delay to handover 
execution, a similar relationship as indicated in Fig. 3 can be obtained for different 
lenghts of the averaging window. Hence, an optimisation of the system capacity 
10 and the handover parameters can be obtained by selecting a suitable length of the 
averaging window in response to a measured delay value. 

Finally, it is to be noted that any other suitable handover parameter could be se- 
lected or set based on the measured handover delay. Furthermore, the parameter 
selection functionality indicated in Fig. 4 can be implemented in any other entity 

15 responsible for performing or controlling handover in the respective cellular net- 
work. Also, the delay measurement is not restricted to the above approaches of 
the first to third preferred embodiments. Any other available round trip measure- 
ment methods can be employed or even other measurement methods suitable for 
determining a decisive handover delay. The preferred embodiments may thus vary 

20 within the scope of the attached claims. 
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1. A method of selecting a handover parameter in a cellular network, said 
method comprising the steps of : 

a) measuring a delay of a handover procedure; and 

b) setting said handover parameter based on the result of said meas- 
urement step. 

2. A method according to claim 1, wherein said handover parameter is a hys- 
teresis value for a handover threshold. 

3. A method according to claim 1, wherein said handover parameter is a 
length of an averaging window used for measuring transmission quality of a 
radio connection. 

4. A method according to any one of the preceding claims, wherein said 
handover delay comprises at least one of a round trip delay of a physical 
layer protocol signalling, a delay between a radio network controlling device 
and a base station device, a measurement delay at a terminal device, and a 
processing delay of said cellular network. 

5. A method according to claim 4, wherein said physical layer protocol is a ra- 
dio resource control protocol. 

6. A method according to any one of the preceding claims, wherein said 
handover parameter is tuned dynamically based on the result of said meas- 
uring step. 

7. A method according to any one of the preceding claims, further comprising 
the step of comparing the result of said measuring step with a predeter- 
mined threshold. 

8. A method according to claim 7, wherein said predetermined threshold cor- 
responds to a hysteresis value of 200ms. 

9. A method according to claim 7 or 8, wherein said setting step comprises the 
steps of setting said handover parameter to a first value when said meas- 
ured handover delay is smaller than said predetermined threshold, and set- 
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ting said handover parameter to a second value when said measured 
handover delay is not smaller than said predetermined threshold. 

10. A method according to any one of the preceding claims, wherein said 
measuring step comprises measuring an acknowledged mode round trip 
delay and estimating a peer-to-peer signalling delay based on the meas- 
ured round trip delay. 

1 1 .A method according to claim 10, wherein said measuring step is based on a 
counting operation for counting time stamps. 

12. A method according to any one of claims 1 to 9, wherein said measuring 
step comprises calculating or deducing said delay from a standard protocol 
message by using a common time reference. 

13. A method according to any one of claims 1 to 9, wherein said measuring 
step comprises measuring an uplink delay based on an event report propa- 
gation time using time stamps, and measuring a downlink delay based on a 
physical channel reconfiguration message. 

14. A network device for selecting a handover parameter in a cellular network, 
said device comprising: 

a) measuring means (322) for measuring a delay of a handover proce- 
dure; and 

b) setting means (324) for setting said handover parameter in response 
to said measuring means (322). 

15. A device according to claim 14, wherein said handover delay comprises at 
least one of a round trip delay of a physical layer protocol signalling, a delay 
between a radio network controlling device (30, 32) and a base station de- 
vice (20, 22) a measuring delay at a terminal device (10), and a processing 
delay of said cellular network. 

16. A device according to claim 15, wherein said physical layer protocol is a 
radio resource control protocol. 

17. A device according to any one of claims 14 to 16, wherein said handover 
parameter is a hysteresis value for a handover threshold. 
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18. A device according to any one of claims 14 to 17, wherein said handover 
parameter is a length of an averaging window used for measuring transmis- 
sion quality of a radio connection. 

19. A device according to any one of claims 14 to 18, wherein said measuring 
means (322) is arranged to derive said delay from an acknowledged mode 
signalling from a radio network controller (30, 32) to a terminal device (10) 
to be handed over. 

20. A device according to any one of claims 14 to 18, wherein said measuring 
means (322) is arranged to calculate or deduce said delay from a standard 
protocol message. 

21. A device according to claim 20, wherein said measuring means (322) is ar- 
ranged to use a common time reference for calculating or deducing said 
handover delay. 

22. A device according to any one of claims 14 to 18, wherein said measuring 
means (322) is arranged to measure an uplink delay based on an event re- 
port propagation time, and to measure a downlink delay based on a physi- 
cal channel reconfiguration message. 

23. A device according to claim 19 or 22, wherein said measuring means (322) 
comprises a frame counter for keeping a time stamp. 

24. A device according to any one of claims 14 to 23, wherein said network de- 
vice (30, 32) is a device responsible for handover in said cellular network. 



25. A device according to claim 24, wherein said network device is a radio net- 
work controller (30, 32). 
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Abstract 



The present invention relates to a method and device for selecting a handover 
parameter in cellular network, wherein a delay of a handover procedure is 
measured and the handover parameter is set based on the result of the meas- 
uring step. Thereby, the system capacity can be maximised dynamically de- 
pending on the system load and the physical configuration. An optimisation of 
parameter and capacity thus becomes possible. 
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